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Winzes are ,sunk with hand-held jackhammers. About 15 holes and ,60 st'icks
of 40-percent gelatin dynami te are required to break a 4-foot round in a
winze having a7-by 12-foot rock section. The broken rock is sbpveled i+lto

, a 9-cubic-foot sinking bucket and. hoisted to a bin on the level above., An
advance of 4 feet is mad.e in three shifts by a crew of three lnenon a shift.
This includes one shift drilling and blasting, one shift shoveling and hoisting,
and one shift placing timber.

A two~coD1Partment raise is carried up in eacll stope ahead of mining'.
The raise is timbered \vith the regular stope sets, ,using6-by 8-inch P9S'tS,
8- by 8... inch 01"6- by 8-inch caps, and 4. by 6-inch collar braqes. Posts a1":e
6 feet long, braces 4 feet long, and .caps cut to thewid:~ho:f.the stope. One
compartmentseryes fora,ladderway an(l, timber and s1:qJply s:}..i<ie. This compart
ment is lagged, on, t,h~:9utside for pro.tection. ' One set adjacent to the manway
compartment is lagged before the stope is filled to provide passage for ore
and waste.

Development is carried on intermittently~s stapes become available for
waste clisposal. No separation is made of labor, supplies, o~ cost between de
velopment and mining. Most of current development is in ore, and mining cost
per ton is increased only, nominally by including development.

Figure 3 shows a longitudinal projection and transverse sections of a
t~ical stope. A modified square-set method is used. In narrow ,parts of the
vein posts w.d collar braces follow the changing dip 8l.ld strike of thew?-lls.
In wide parts addi tionalposts and girts are placed. along the middle to support
the caps~ Regulation square-set.s are used i.lIJ'he,re the vei~ is wide enough.

Stope sets cOIIU?rise 6- by 8-inch post,s, 6,feet long, 8- by 8-inch Oregon
fir caps cut. to ~xtendfrom "'all to wall, and 4- .by6r inch collar braces •. 4
feet long. Salvage material. is used i'or braces'whenit is available. Thewalls
are. lagged wi th 2- by l2-inch lagging v"here it is needed to prevent sloughing.

In starting a stope the first cut is made above the back of the drift by
advancing one set at a timyin both directions from a sto1?e raise. The are is
blasted onto nChinaman chutes ll built on spreaders between drift posts and is
loaded into I-ton cars and trammed by hand toa tra.."1sferraise. The cut for the
second row of sets is bla~ted onto the same Chinaman chutes, Before the third
cut is made, conventional dropboard chutes are installed as needed but not
closer than every other set.

Before the third cut is broken, a gri~~ly floop is laid on the second. row
of caps. This is Gompo§ed Of 6- by 8-inchtimbers.6 fe~t long laid on edge
longitudinally acrORs the caps (see. figjl 3). The ,ends of. each timber serve as
,spreaders for acLjolnlng grizzlies. The spacing is 6 inc,hes. Grizzlies, are
moved upward as stoping progresses and are maint[;1ined within 20 feet of ,the
back of the stope;' they safeguard workmen, prevent oversize from entering
the chutes and protect them from large boulders during blasting.
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Ore is. completelrextracte~betweenlevels ina contin\lOUS operation.
After the ~ext _level· abov~ is reached, :-fi~~iore that. has' _acc~'ated -in' th~
stope, iscleanedo~tt~?roU€hlY.__,_These,fi~e~ ¥e be.tter tha:n-theaverage grade
of ,the ,ore. _ Chut~sar8':' tnen 'removed., .exe:eP~ th6,se us'ad ·in.·~:t'ansfer raises t '

and the floor abovetne;"drift, J:slaggedover.' JWa~te from o.evelopment is
ct~ed between ther~d.ls above thea tope until: it is filled.,

Raises are advanced ,ahead of mining, stopers being :used ,;for drilling.
Drilling in stapes is done with mounted jaCkhal~mers.·.M ave'rage o'f 6 to 8
holes 4 to 5 feet _d.eep are drilled per set;. About 17 sticks of 4o-percent
gelatin dynemi te are J;'equi red, ~o -'break ar9u.."1d •

. - . . ., .

In all drilliiig,1'1~~inchhexagonal br.q,cib.le'steel and conventiona.l c;-oss
bit's 'are used. Sl~~ters":ha.ve, a 2':'inch:gageand finishersal-5!S-inch gage.
The gage change is l/S inch, and· the chan'ges in length are about 18 inche's.
Jackha.TIlITler steel is lUgged, while',stoper steel has plain shanks. ' '

Tr~B..n:-?p 0 r tat i on

Ore is drawn from stopes throU£sh conventiona~ drop-board. chute~:r'to l-,ton'
ore cars. Thatfrorn stopes aboyethe 900-foot level is, trammed by hand' up to'
400 _or 500 feet and dropped to the 900-fOotlevel. 'A short tra.nr is ma~e :On '
the '.500-foot level and a l~.o-foot tram on the SOO-foot level to :transfer the
ore between trfu"1sfer raises (see fig. 2)., Below the 900-fo9t level all ore
is hoisted through a winze to pockets abQve the ,level. Hoisting is done by
a single-drum hoist gea:r-connected to a 25-ho rsepo~ier motor. :

Al-11~-ton Mancha battery locomotive' collects load.ad c?-rs -on the 900-£00t
haulage level and· trans them 1,000 to 1,400 feet to' the 'station -at the
Ten..."'18sseeshaft. Six IT':":1/2-cullic-foot cars make up a,' train. The averag?
grade is 2 p~rcent in favor of the loaded train, and tr~ckgage is 18 inches.,

Cars are duny?ed by' ijand'd,ire'ctlY into a 1-1/2-tQn skip suspende~ below
a se'rvice c,a.ge. ' Ore is hoist'cd. ,900 feet" vertically to a 50-ton coarse-ore biD.,
at, the headframe. The rope speed is 800 feet per minute, and a 7!8-inch-,
diameter hoisting rope is used.

Timber and supplies are brought into the IDlne on~a cage through the
Tennessee or Schuylkill shaft, 'whichever is more convenient. Tirpber trucks
are used to tra."1sf-er material to '\rlOrking places. SUpplies are ho~sted into
stop'es by air hoists· thro\l.gh IDanways equippeo. wi th timbe:t' slides.

DI:ainage

About 50 gallons 'of "later 'per minute is p~edfrom the mine' as part of
the mill supply. The main pumping stations are on the 1,400- and 700-foot
levels of the Tennessee shaft. __ Water is pumped from the 1,400-foot-level
s'lllltP to the" 700-foot~level station by a lOO-gallon-per-minute duplex hortzontal .
p~ driven by a 25-horsepower motor. ' A (luplicate pump is held in reserve.
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\![ater from the Sch'l.:t;)rlld.l1 fjicle and from the 900-18";-01 vlinz8 is acc.uG1l.-aated
in a surrp a~ the 900-foot-le.vel station of the Tennessee. ~ne winze is'
eq,uipped with a lOO-gallon-per-minute Byron Jackson pUlrippowered by a 25-horse
power motor. A lOO-ga11on-per-minute .Ingersol &1.nd ptU:ap pOi,·;ered by a 25-horse
power motor lifts the water from the 900- to the 70~foo~ level.

All mine \vater is accwnulated on the 700-foot ,leyel, where it is pumped
to surface by a Worthington triplex pump with a capacity of 100 g.p.m.; it is
driven by a 4o-horsepo'wer motor. An Ingersol Rand 2-stage centrifugal pUll!P
with a capacity of 100 gallons per minute and powered by a 50-horsepower motor
is held in reserve for 'emergency.

Ventilation

All workings above the 900 haulage level are ventilated naturally. The
Schuylkill s4aft is strongly downcast; air from it passes thro~~h the workings
and out' the' Tennessee shaft, which is strongly 'L1pcast. A ]uffc".1o f&'1 driven
by a 5-horsepOl,;'er motor forces air from the 900-ievel station at the Tennessee
through a 12- by l2-inch wood pipe dO\ffi to the l,250-foot level. The pipe is,
of wood to resist corrosion from acid waters falling in t~J.e shaft. At the
1,250-foot level a booster fan of the smne size forces the air through 8-inch
diameter "ventube lt to the face of trw c1.rift on that level.

The 900-1evel winze is ventilated by a~other 5-horsepoi.'l8r BuffaLo fan on
the 900 lev~l. An 8-inch-diameter ventube conveys the air to the 1 ,O~~O-foot

level of the winze. A small Vfu!O air-driven blower is used to furnish air in
emergencies.

Mine Labor

The mine is operated three shifts per day and seven days a week. Limi ted
surface storage'necessitates this arrangement. The following table gives oc
cupation, \n,Tages, and aYerage nUJnber of men required daily to operate the ,mine:

Occupation
Miners •••••••.••

Do. ;, ••••••••••

Rate per. shift NUinber
22
35

7110

Muckers and I
trammers....... 4~oo 14

Hoistmen•••••••• I 5.00 g
Mechanics ••••••• I 4.00 tt? 5.50 5
Jigger bosses ••• I 6.00 5
Motormen•••••••• I 4~50 3
Motormen helpers 4.00 ~

-::-"'"7"--::-:-:---------I---.,-~....,---_~~-.I...-:----...:.92:
I Miners receive ~0.50 per shift extra for

working below the 900 level in winzes and
stope.

- 11 ...
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Mine POvJeT

Power is generated at Boulder Dam at 44,000 volts and dtstributed by the
Citizens Utility Co., Kingman." Ariz. It is stepped down to 440, 220, and .110.'
volts through transformer? at the mine.

. The p01tlerrate is $o'~o16 per kw.-hr. metered on the low side of the
transforrners. The rate. is based on the use of 400.kilowatts minimum demand.
Generally, about 50 percent of the power is used for mining, including about
10 percent for hoisting.

The only direct current used is on the 900-foot-level station, where'a
motor-generator set is employecl to charge the batteries for the locomotive~

Mining Co s t s.

•1 T~ble' 2 givl?S the cost of mining at the Tennessee-Schuylkill CO!1>oration,
for, September 1938 and for a period of 9 months in the ~ameyear as take:h'frdm,
auditor's report. Table 3 summarizes mining costs for S?ptember 1935. Table 4
summarizes costs in units of labor, pOW(3r, and supplies'. These costs are'
typ'ical of those obtain$d. since mining '!,vas begun 1n.1936,

, Dynam~te costs $12.75 per 100 pounds, caps $l~.75 per 1,000, and fuse
$6.55 to $7.75 per 1,000 feet. The average cost of timber is $30 per tho-q.sand'·
boa.rd feet.

MILLI1:TG

The Tennessee-Schuylkill concentrator has a normal capaci ty of 150 to.ns '
per day, although as high as 175 tons have been treated in one day. The 'pro":'
cess is selective flotation; t"l0 products are made. a lead concentrate' cO,ntain!""
ing most of the gold and silver ~nd a zinc concentrate with a smaller quantity

, ~f -the preci!?u.s· metals. The ore is valu.able principally for its gold content.
A third procluct, concentrate from a jig preceding flotation, is relatively
high in gold. A nominal 'tonnage of high-grade ore has been. shipped direct to
a smelter. A small tonnage of custom ore is received.

Figure 4 shows the general flow sheet and figu.re 5 the details of the
selective flotation unit of the mill.

7110 - 12 -



Tennessee shaft, 1 1/2-ton skip

~
50-ton coarse-ore bin

~
Wheel and rachet gate

Bar grizzly, 1~1/2-inch spacing

EE

10
jaw

---""'ilEE----~----~~---PIUS1 1/2 inch

~
by 2O-inch Allis Chalaers
crusher set at 3/4 inch

Minus 1 1/2 inch

Belt conveyor, lS-inch belt inclined,
180 and 40 feet center to center

~
Bucket elevator, 14~inch belt,

Pine-ore bin, 100 tons

~
Mo. 2 Handi belt ore feeder

~
Tailing

~
Thickener

~
Tailing pond

~
concentrate

~
Filter

~
Smelter

Zinc

Ball mill, 6- by 4 1/2-foot Marcy,
3-inch-dia-eter forged-steel balls,
Denver mineral jig, 12- by la-inch

~----~E~-~----~~~--__~Tig concentrate------~a~----~~
SmelterDorr duplex drag classifier

~-4~Sands~ ~ Overflow, 30 percent solida,
80 percent minua 80 mesh

"Wilfley puap, 2-inch

~
Flotation

+
~

concentrate

~
Filter

~
Smelter

Lead

Figure 4.- Flow sheet of Tennessee-Schuylkill mill, Chloride, Ariz.; capacity
150 tons per day.





Classifier overflow

Lead conditione~, 8- by S-foot

~.~------~--- -1
2-inch Wilfley pump ,

~ Zinc conditioner, 8- by 8-foot
Lead tail

Middling

Rougher lead concentrate Rougher zinc concentrate

"iddliDg

Final tailing

~
30- by 15-foot

~
3-inch Wilfley sand pump

~
Tailing pond

Clean lead concentrate Clean zinc concentrate

~ ~
SUJDp SWltp,

~
l-inch Wilfley puap 2-inch Wilfley pump

~ ~.6-foot American filter 6-foot Amerlcan filter

~ ~
Lead a_Iter Zinc smelter

FiQure 5.- Flow sheet of selective flotation, Tenne.see~Schuylkillaill, Chloride, Ariz.
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TABLE 2. - Cost of mining at the Tennessee-Schl1Ylkill Corporation
for September 1935" and for the' first 9 months of 1939~-----

Per ton

9 months, 1933
40,288

AmountPer ton

September, 1938
1~, 087

Amount
Tonnage mined and hoisted•••.••••

I-~----:-....--'-~---:--

Salaries and wages:
Supervision•••••••••...••..••• $ 1,134.00 $ 0.2774 $ 11,545~50 $ O~2g66
S,topi~g end tirnbe::ing•••••..•• 1

1 6, 717.24 1.6~"25 72,981,"52 1.8115
Trammlng and mucklng••••••••••. 2,226!50 .54+8 21~~591.65 .6104
Pumping and drainage.......... 856.75 ,2096 S~23g.61 !,2045
Hoisting•••••••••••••.•••..•.•• 1,191".25 .2915 10~964!'52 .2722
Service men•••.•••••••••••.••• 5-~90_~.0~0~ .~1~4~4~'3~~~7~,~1-0~8.-4~·5~---~~.~1764

Total salaries and wages... 12,715. "(4 3. 1111 135,430 .'25 3.3bI~
Drill steel a..'1d supplios..... 1~029.97 .2520 6~lS3!93 .1535
Lum?er and timl/er.: ••••..•••••••• j 2~460~29 .6020 25,6"83.27 .6375
Equlpment arj.cl repalr parts ••••. ~. 1 ~450.80 .3550 9 ~220~g9 .2289
Power........ •••• •••• 1,235.66 I .3023 i3~502~84 !'3352
Explosives....................... 560.59 .1372 6~ 769. 70 .1680
Compensation insurance •.••••..••• I 971.81 .2373 10~357.02 .2571
U~empl?yment ~ax•. ~ ••.•••••.••.•• ,1 39t~!47 .0965 ~.~16)..j..32 .1°34
OLd-age beneflt tax.............. 125.88 .0308 1,37g~84 !0342
Medical e:xpense •••••••••••••••••• I 4.00 ~0010 '196~oo .0048
Yard and ca.rrp ••••• !'............. I 213!,23 .0522 2~382!,42 !,0591
Miscellaneous and office expens~ 507.86 .1241 5~525.26 .1372

Total mining••••••••••••••• I 21,67o.jO 5.3020 I 220,794.74 5.L~g05

11 One-half of l.lnapportioned eJ<..-pense arbi trari1y added•.

TABLE 3. - Summar;y- of mining costs, September 1933,
Tennessee-Sch11Yl~il~Corporation (4,037 tons hoisted)

s~e1
Ex- ' Drill· steel .I

Ilabor vision Power plosivGS Timber and supplies Total
Stoping and development •• $1.64 - ·0.27 $0.14- :?O.60 $0.61 $3·26
Transportation••••••••••• .84 - .03 - - !87
Pumping and drainage.~••• .21 I - . - - - . !,21
General Lmderground•••••• -

I JO.28 - - - - ~28

Surface exoense •••••••••• !,19 1 .12 - - - - ·31
Taxes and "-insurance?) •.•• ·37 - - - - - .37

To tal ••••••••••••.•• 3.25 .40 .3° .14 I .60 .bl 5.30
~ne-half of assaylng, engineering, and office expense.
g; Includes compensation insurance, unemployment tax, old-age benefit t~~, and

medical e:z;p ense.
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T.AJ3U1 4. -, Su;llmaryof epstsin uni tB of labor, power, and s:qpplies
at Tennessee-Schuylkill OO1J?o~ation.for Septt?mber 1933

:B.

Tons of ore mined and hoistecl•••••.••.•.••••••••

Labor (man-hours per ton):
Breaking and timbering•••••.•.•••••••••••••••
Mucking 8n(1 tramming .
Haulage and., ho i's ting'••• ~ " •• ~ •• ~ •• " .
Supervi sion•••• " '•• " ! " It .

Ge11eral " ' " .. ~ .' ~ •
Total labor underground ' ~ .

Average tons per man-shift o ,

Labo r percent of to tal co st .

Power and. supplies: , ' _
EA~losives (pounds per ton 40-percent gelatin

~ . t ) ,a.ynamJ. e _••••' " .
Timber (bo a1'(l fee t par ton) ~ .. " "
Power (10,v.-br. -per ton) ~. ~ t ••• ~ ~ ••

1. Co,mpressed air. and mine circuit •••••
2. He i sting ~.•

Other supplies. in percentage of total sup-
plies Mel power ,'"'' .," .

Supplies anct pO\1er, percentage of total co st.

4,087

3.35
.82

.~82
.29
.29

5.57
1~44

51.4

0.807
20.
19~6
17-9
1~7

36.S
30 •4

c. Percentage of total mining cost .... ·....... .. .. . •• 87.8

Ore Treated

The ore of the Tennessee and Schuylkill mines is relatively soft for
crushing and grinding. T116 h~rpogeneo1'e minerals are galena, fine-grained
gold-bearing pyri te, and sphaleri tee The gangu.e minerals are several varieties
of quartz, crystalline pyrite, and arsenopyrite. A small amount of chalcopy
rite is obtained in the concentrates.

The spha1eri te occurs as typical "black jack l ' _8-.11cL "rosin jack." Titro
varieties of :pyrite are found; one occurs as well-crys~allizedcubes with no
gold, and the other is somewhat massive and fine-grained and contains 0.3 to
15 ounces of gold per t.on ·in' pure specimens. C-old' in the pjrri te is extremely :'
finely divided.

Crushing and Grinding

Ore is hoisted from the Tennessee mine in a 1-1/2-ten skip and dlli~ed

into a 50-tan-capacity coarse-ore bin. The flow is reguJ.ated by a wheel and
rachet gate that permits are to pass over an inclined bar grizzly with 1-1/2
inch spacing between bars. The oversize is broken in a 10- by 20-inch .Allis
Chalmers ja't'1-cl"'U.sher set to o.ischarge a 3/4-inch product. The crusher is
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driven bya "Vn belt from a 20-horsepower motor.
passes the cru.sher and ,joins the crushed product.
cent of the feed.

I.C. 7077

The grizzly oversize by
Undersize is about 40 per-

Crushed ore is conducted to a lOa-ton fine-ore bin by an IS-inch belt
conveyor (40 feet long and inclined at 180 ) and by a 14-inch bucket elevator.

A No.2 Handy belt feeder regulated to handle 150 tons in 24 hours dis
charges the crushed ore to a 6- by 4-l/2-foot Marcy ball mill. The ball mill
is charged with 5 tons of 3-inch-diameter forged-steel balls. Manganese
steel liners in tbk ball mill have a life of about 60,000 tons of ore ground.
A circulating load of 1-1/2 times the' original feed. and a pulp densi ty of' ,
about 80 percent solids is maintained. The ball mill is operated at 27 r.p.m.
through a herringbone gear and lOa-horsepower motor. '

Pulp from tho ball mill dischar~es to a 12- by IS-inch Denver Mineral
JJ.g, from which, about 17. to 20 percent o,f the gold is recovered in a lead con
centrate. The ball mill and jig are in closed ci:rcuit with a Dorr duplex
drag classifier. The overflow from the cl'assifieris maintained at about 30
percent solids ground to 80 percent minus 80 mesh.

Flotation

The flotation section consists of an eight-cell l~ad rougher unit followed
by a two-cell lead cleaner Lh~it and an eight-cell zinc rougher unit followed
by a four-cell zinc cleaner unit. Classifier overflow is pumped to an S-
by S-foo't lead conditioner by 2. 2-inch ~filfley sand. pump. The condi tioned
pulp goes to the first cell of the eight-cell lead rougher unit. A rougher
concentrate is taken from all eight cells and f101'/S by gravi ty to the ftrst
cell of the cleaner unit. A clean lead concentrate is t~ren from the two cells,
and the middling from the last cell goes back to the first rougller,cell.

The rougher lead tailing is purqpecl by a 2-1nch Wilfley to an 8- by 8-foot
zinc condi tioner. It then flo'\rlS by gravity to the first cell of the zinc
rougher illlit. A rougher zinc concentrate is ta~en from the eight cells an~

cleaned in the four-cell cleaner Ullit. The cleaDer unit produces a clean zinc
concentrate and a middling that is retuxned to the first zinc rougher cell.

Considerable difficulty was experienced at first in attempting to use
mine water for flotation. The water was fOillld to be highly acid, often having
a pH of 3.5; in addi tion, it carried consiclera1Jle amounts of ferric sulfate,
ferrous sulfate, zinc sulfate, and calciUm sulfate. Atte~ts to neutralize
the water with either soda ash or lime were unsuccessful, as the large,quanti
ties of carbon dioxide generated interfered 'vd th the flotation of the minerals.
An atte~t was then made to float the sulfides selectively in an acid circuit,
with excellent results. The gold-bearing pyrite was floated successfully with
the galena, the zinc sulfide being depressed naturally. After\vard the zinc
could be activated e.nd removed from the lead tailing.
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The chief control over flotation co~sistt-1 tnproperly mixi:r...g virtually
neutral tailing water, supplemented by other neutral \vater, \f,tiththe acid mine
'W'ater to maintain a pH ra.."1ging bet\1reen 5.4 to 5.8. No other water cond.i tion
ing is necessary.

Cresylic acid and sodium ethyl xanthate (Z-4) are added ahead. of the ba.ll
mili, ancl an adcli tional q.u.antity of the latter is added to the' first lead
rougher cell. These effect flotation of the gaJ.ena and gold-bearing pyri te.
Copper sulfate, sodium~ethyl xanthate, and cresylic acid are added to the lead
tailing in the zinc ,conditioner to activate and float the zinc sulfide.

The following table gives average consumption of reagents:

Cresylic acid••.••..•••• ~ •••• ,
SodiTh~ xanthate (z-4) ........•
Copper sulfate•.....•........•

Pounds per ton of ore
O~092

.175
1.O~L, _

Co~centra.t8 Handling

Lead concentrate flows by gravity to a sump, from ymich it is pumped by a
I-inch Wilfley sa.nd pump to a 4-foot 4-leaf American filt'er 0 Zinc concentrates
are handled likewise. The filtered concentrates contain about 10 percent
moisture,.

.!..lead concentrates and ;jig concentre..tes are shipped to the lead smelter of
the America.'ll Smel ting & Refining Co. at El Paso, Tex.; zinc concentrates' al'e .
shipped to the zinc smelter of the P-e'TIericari Smal ting & Refining Co. at Amarillo ~
Tex. .

Concentrates are trucked 22 mi.les to Kingman, Ariz. The contract pr~ce

is $1.50 per ton, including loading and unloading,. Return supplies '-are trUcked
for $2 per ton. The freight rate for lead concentrate from Kingman, Ariz.,
to El Paso, Tex., for concentrates valued. at $40 is $5.50 per ton.. The freight
rate on zinc concentrate to Amarillo ,Tox., for concentrate valuecl at $30 is
$5.1 5 per ton. Jig concentrates are shipped separately to ]]1 Paso; the average
value per ton is $630 and the freight rate is $10 per ton.

Tailing Disposal -and Water S~ply

Tailings from the zinc. rougher cells are pUJnped by a 3-·inch irrilfley sand
}J'\.1rrIT) to the tailing pond. v!hen a shortage of \!J'ater exists they a1"e first
thickened in a 30- by 15-foot thickener. Pulp to the thickener contains 45
to 50 percent solids, and discharged tailings contain 60 to 65 percent solids.
1'later is al so reclaimed. from the tailing pond by settling. The clear water is
pUIrrped back to mill storage by a 5-inch Myer bulldozer p1.llrrp and a }.~ho;sepower
motor. The water line corr~rises a 2-inch-diemeter pipe 400 feet long; the
head. is 35 feet. The set-up provides for reclaiming about 60 percent of the
water.
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Fresh mill 'vater is IH1Jl1?r?ed, from the. mine at the rate of about 50 gallons
per minute. This is supplemented by ,.,ater pUIITped. from the Dardanelles mine.
A flat rate of $100 per month is paid for this water. A jack-head pump and
3-horsepower motor lift the water an average of ISO feet from the Dardanelles
mine to the collar, from irtlhence it flo\1JS by gravi ty a distance of about 1 mi~e

through a 3-inch pipe to the mill storage. About' 400 gallons of water per ton
of are is used in the mill, of ~lllich 160 gallons per ton of are is new water.

Sam,pling and Mill Control

Reacts, concentrates. and tails are sampled by hand every half hour. The
half-hour samples are combined to represent three 8-hour periods daily.

Tonnage is estimated from the nu-TIlber of skips hoisted and also checked
against the cars trammed. 1.IDdergroUJ."1d. Concentrates are weighed in' the trucks
and checked against the estimated tonnage.

Mill 'Labor

The mill is operated, three shifts a day &~d 7 days a week. )~ average
of 10 men per d,a:T are required in the (li1'8C t operation of the mill; about two
service men per day are ch(':Lrged to milling.

The follo\~ring table gives labor classificatioil at the mill:

I, Nl.unber Total ~lage~

-=--_C._l-:-a_s_s_i_f_i_c_a_t_i_o_n_--li:=-p~e_r_s_h_i_f_t,_-+-~P_e_r._d_a..,:-'y._-+_.....p=--e_r~s"""":tJ._i .....f_t_·____
Crushermen••••.•••• I, '1 3$4,.00
Ball-mill operators I 1 3 4.50
Flotation operators I 3 5.00
Tailing attendant.. I on day 1 4.00
Service men••..•••• 2 on day 2 5.00

12

Metallurgical Data

Table 5 gives the metallurgical data of the Tennessee-Schuylkill. mill for
September 1938.

TABLE 5. - f.'Ietal1urgical data, r:I.ienneBsee-Schuylkill
Corporation, Chloride, Ariz., September 1938

7110

Iron,
percent

5.15
4.77
5·88

51.97
.7

Zinc,
percent

~ 4:;...I. _"
36.22
2~.22

-' .59
.10

Lead"
percent---t---=-,------t-----'=-----

I
· Gold, Sitver-,-
I 01-illCeS 01h'1ces

Produc t. -r\p er to,_n_--l_~p_e_r_'_t_o_n_-+-
Assays:

Hean............ 0.IS5 2.26
Jig concentrate. 14.9S 37.70
Lead concentrate .gS6 1~.64
Zinc concentrate .i25 1.g7
Tail ' 1 .010 .16

- 17 -
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TJ\J3LE 5. - Metallurgical elata, Tennessee-Schuylkill
COITloration, Chloricle, Ariz., September 1938 (Cont1d)

Product
GenereJ..:

Tote,l tons ore treated, ' ~ .•.•.. '. ~ •••.••
Days", operated•• '•. '•••••• '•• __ 'j> •••• _ ••••••• _ _ •• ~ ~ ••••••••

Hours operated per, d.a.y _•
Average tons per 2L!- hO'LU's •••.•• ;. ••••••••••...••.•••' .
To tB,l to ns cone entrate ••••••••••••••••.•••••••.•...••.•.•••

Jig co:ncentrate •••.....• 0 '•• 00 •••• _,' •••• o ••••••••••

Lead cone entrat e '•• 0 ~ ••• ;; •••

Zinc con.centra,te •••••••••••••••••••••. '•.••••••.•••

tons
do.
do.

4,278
3°
24

143
9l3~24

8,,75
597.18
07. 1

Product
:R:eCOVeiY::-IJ e rcen t :

In jig concentrate .•
In lead concentrate.
In zi nc concentrate.

To tal .
Lost in tails .•••••••••••

Product

I Gold Silver Lead Zi~c

·......... ," ......- ... ~ ! 16.6 2·9 2.2 0!,2
·................. I, 74~1+ S5~6 94~3 15~9·................. 4.9 5.9 1.2 72,4·....... ~ ...........

I 95·9
I

94 •4 97.7 SS.,5
·....... percent 4.1 5.6 2·3 11~5

Ratio of concentration:
Jig cone e,nt rat e ••...••.•••• _, . ,_ ••• _••••••.••• ',' . . . . . . . .• ~ •••
Leail. conc811trate •••••••••.• ~. _••••••••••• '••••••••••••••• ~ ••
Zinc concentrate•••••••••.••. ~ !" ~ • ~ Ii • ~ ••••••

To tal. ., • .. • • • • • • • • • • • .. • • • • • • .. . . .' • • .. • •• • • • ~ .. • ••• __ . • ~ ~ •.••
Ball consumption pO'LUlds per ton of ore
1 i 116 r . . .. . . • • • •. . • ~.. • . . .. • . .. • • . • • • • • • •••• " . . . . . .. do,. • ~ . • •••••.•••
Net water cons~mwtion....•~~~~~~~••• tons per ton of are

Power is received from the same
same rate and conditions also apply.
is req~ired for milling.

source for milling as for mining. The
Generally about 50 percent of the power

7110 - 18
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The following table gives the connected p0'ltler load at the mill:

----------------------j,..-....Ho-r-seuo\ver

C~sher••••• to ~ ~ ~ I 20*
Conveyor to oO ~ J 5
Elevator........................... 7-1/2
Classifier and feede~.................... ,5
Ball mill , '................... 100
Flo tation ancL blov-rel'................... 87-1/2
Pun.rp s ••••'...... e, •••• ~ ~ ••••••••• l' • • .. • 27-1/2
Conditioners ••••• , ••••• P~~ ••••••• ~. 15,
]lil tel'S ancl 'blower...................... 10-1/2
T.ailing thickener••••••• ., ..... , •• ; I' 7-1/2
Water reclaiming................... 3,
Water s~pply (Dardenelles) ••••••••• 1 ~3~,

TDtal I 291-1] 2

!:fj.lling Co s t s

Table 6 gives the cost of milling at the Tennessee-Schl1ylkill Corporation
for Sep t'ember -1938 and for a IJeriod of 9 months in the s,:une year, as taken from
the auditor's report. Table 7 slw.marizes milling costs for September 1935.
The 9-month costs are t~Jical of those obtain9d since milling began i~l

Sep tember 1936. The September co f:,t is higher than average, due to the'in
clusion of t~e cost of relining the ball mill.

T..tU3LE 6. - Cost of milling at Tenn8ssee-Schuyllrill mine, Chloride,
.A.riz., for 'Sep-temberJ:§3Ef' Et11el first 9 months of l:L2S-,--

9 months 1938
41 c" J·... '

,c- o I ,U.L _

-:41xlount Per ton Amount
I

Per ton

· ..• $ 490.50 $ 0.11471 $ 4? 599.80 $ 0.11°5
·.. ·1 ~~:gg

.0841, 3 ,t~,67 .,3 .0833
goO •• .0947 ":),733. 9 .O39~·... 4r-:o.oo .lO~2 ~,21S·e7 .10~· ... 3~2.LI·9 ,,0777 3,079 ~ g .07·0
ges. 2,037.99 .L!·7b4 19,104.57 .4591
·... 1,510.26 .353° 14,096.o1t ·33gS

s·... 316.87 .19°9 5,752-l1 .1381·... 473.41 y.1l1S 3,775. 7 .090
ts Y2,Las.17 -L -5662 5,516.76 .1326·.... n.og .01 6 SSg.22 .02l~

e ••• 77.1' .0182 72 .23 .Ol~·... 100.0 .0237 1,000.0" .02 0
• • It • L~2.78 .0100 taG.II .Ol~~·... 6i-7J .Ol~S 631. '"'~ .01·... 2 .54 .00 9 ,225.1 .0°54
:ce

5°7.86 5~525~26·... .1185 .1329·... e t150.l.l-5 1.9°50 5,7,70 7. 2 7 1 .. 381°

Tons milled•• ~ ••••••••••••

Salaries &""1<1 wages:
SlWervision••••••.•..•.
Elevating and crushing.
Grinding and,classifyin
Flo tation .
Service men••.•••...•..

Total salaries and wa
PO'rL"rer ••••••••••••••••
Balls and miscel1roleou

supplies ••••••••••••
Reagents •••.••••••.•.
Repairs and relJlacemen
Yard and camp ••..•.••
Co~ensation insuranc
Water eXPense ••••••••
Xanthate royali tes ....
Un~~p.loyment ta.."'C •••••
Old age benefit tax••
Misce11a~~ous and off~
e~)ense~ .

Total milling .
Y Includes new lining for ball mill.
g; One-half of 1ll1apportioned e~)ense arbitrarily added.
7110 - 19 -
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TABLE 7. - Summary of milling costs, September 1938, Tennessee-Schuylkill COEPoration
j I. ,27Stons milled'

Operating . Super- Repairs Balls and N:iscel-
labor vision Power Labor Sl.1Pplies m.IPplies Reagentt: laneous Total

Crushing. and elevating. $ 0.084 - $ 0.070 - - - - - ~ O!154
Grinding and classi- .,

fying••• ............... .095 - .118 - - $ 0.191 - ~-
,464

Flotation•••.•.•••.•••• .105 - ,165 - - - $ 0.112 y$O.OlO ·392
General 'milling.......... .016 $0.115 - $0.078 $ 0.565 - 2 .024 ~ 798
Assaying" engineering, 3Jand offi~e expense ••..• ~11S - - - - - - .118
Taxes and insurance ... ~. ~ .039 - - - - - i - - .039

To tEl.J. ..................... •~39 .233 ,--,.353 .078 .565 .191 .112 .034- 1·905
y. Xanthate royalties.
g; Rental of .water rlght, Dardenelles mine.
3/ One-half of engineering, assaying, and office expense.
fJJ Includes corqpensation insurance, unemplo:Y'1l1ent tax, old age benefi t tax,. and medical expense.

7110 - 20 -
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AFTER THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER

NEED FOR IT, PLEASE RETURN IT TO THE BUREAU OF MINES. THE USE OF THIS

MAILING LABEL TO DO SO WILL BE OFFICIAL BUSINESS AND NO POSTAGE STAMPS

WILL BE REQUIRED.

I-------------~~;;~~--~;-~~~~-----------------------------------------~~:~-:~~-:~-~-~~I-:~~~-~~~-~~-~::I-~---1
I DEPARTMENT OF THE INTERIOR PAYMENT OF POSTAGE, $300 !

BUREAU OF MINES

OFFICIAL BUSINESS

RETURN PENALTY LABEL

THIS LABEL MAY BE USED ONLY FOR
RETURNING OFFICIAL PUBLICATIONS.
THE ADDRESS MUST NOT BE CHANGED

BUREAU OF MINES,

WASHINGTON, D. C.






